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© Flexible sealing boot. 



(57) A corrugated flexible boot (10) adapted to enclose and 
seal a mechanical joint is described, having a corrugated 
polymeric body tapering from an enlarged end (18) to a 
reduced end (12), and having a radially expanded reinforce- 
ment (28) unitary with the corrugated body, providing 
improved dynamic properties. 
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"FLEXIBLE SEALING BOOT" 
This invention relates to corrugated flexible boots, . 
and more particularly boots adapted to enclose and seal 
a mechanical joint, and generally subject to axial 
and/or angular rotative displacement. 

Front-wheel drive vehicles employ a drive shaft 
assembly comprised of two half-shafts each including 
inboard and outboard constant velocity universal joints 
(e.g. of the type disclosed in Hutchinson U.S. Patent 
No. 3464232). Joint plunge and articulation (e.g. 

typically up to 40 degrees) while torque is being 
transmitted from the half-shaft through the joint pose 
a set of difficult requirements for the annularly 
corrugated flexible boot seals. Generally, the flexible 
boots must possess sufficient resistance to radial 
expansion during high speed spin to ensure dynamic 
stability (and necessary clearance with adjacent 
automotive parts), withstand dynamic flexure at cold 
temperature, have adequate abrasion and tear resistance 
to ensure the integrity of the seal, possess good heat 
resistance, and the like. 

The prior art constant velocity joint sealing boots 
have been formed of an annularly corrugated injection 
molded all rubber ("gum") tapered boot, of the type shown 
in Fisher U.S. Patent No. 3646778. The commercially 
available sealing boots for these joints typically have 
a reduced neck which attaches to the half-shaft, and 
an enlarged mouth usually of at least three times the 
diameter of the reduced neck, which affixes to the 
constant velocity joint. The wall thickness of the 
seal, particularly along the corrugations, averages 
. typically .105 inches. 

The prior art gum seal has been less than fully 

* satisfactory. In practice, it has proved extremely 

• 

•-'difficult'" to 'produce sealing boots which will pass both 
. * the high speed spin requirement and cold flex requirement 

* imposed by environmental conditions known to the car 
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manufacturers. In one such spin test the boot must 
have sufficient modulus to exhibit less than the 
maximum allowed radial growth of seven millimeters when 
the joint is positioned at a 4° angle and spun at 
2150 rpm. A boot having the required modulus and/or 
wall gauge to pass this test normally is too stiff in 
the wall corrugations to pass the flex test at minus 40°F. 
Similarly, if the wall gauge of the boot is reduced in 
thickness or the rubber modulus is reduced to achieve 
the flexibility needed to .pass the cold flex test, the 
boot stiffness is reduced to where the boot balloons 
excessively during the high speed spin test. Special 
compounding techniques have been resorted to in an 
attempt to overcome this problem. 

The conventional gum seal has also suffered from poor 
abrasion and tear resistance. Punctures due to mis- 
handling by an automotive repairman, abrasion as the 
convolutions of the boot wear upon themselves during high 
angle operation of the boot, and tearing or puncturing 
from road hazards such as flying rocks have led to 
lubricant loss from the sealing boot and ruination of 
the constant velocity joint. Experience has shown that 
cracks or holes, once developed in the gum seal, tend to 
propagate to an extent that lubricant will be expelled 
by centrifugal force or leakage from the boot* 

Moreover, while silicone rubber has good heat 
resistance (e.g. at 350°F) suited for the inboard seal, 

y 

its poor tensile strength, abrasion and tear resistance 
have presented formidable problems requiring ysffe of very 
expensive silicone polymers for the inboard Jtxffgj^ 
Similarly, silicone boots have been unsuitable for use 
at the outboard seal despite possessing the desirable 
cold flex properties needed for the outboard application. 

Geyer U.S. Patent No. 1922431 describes a flexible 
boot for a propeller shaft universal joint having embedded 
non-extensible cords and an outer rubberized cross-woven 
fabric covering to reinforce the boot. The- spirally 

corrugated boot is formed by plying up rubber, cord and 
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rubberized fabric layers over a spiral corrugated core 
which, upon vulcanization, can be removed from the 
product by unspiralling . The lift ratio (ratio of 
major to minor diameter of the boot) is low, and by 
5 using cross-woven fabric plied up on the product there 
will inherently be formed a joint or splice 
longitudinally of the product. This will produce an 
eccentricity creating variations in flexural modulus 
and dynamic balance, since flexing will be unsymmetrical 
10 under torsional loading. 

Amont the objects of the invention are to provide a . 
lightweight, high lift ratio corrugated boot adapted to 
enshroud a mechanical joint, and which has uniform 
flexural modulus, good abrasion tear and crack 
15 propagation resistance, which can be made from a large 
selection of polymeric stocks including lower cost 
silicone as the base material, which is suitable to 
serve as either the inboard or outboard constant velocity 
*• joint grease seal, as well as serving many other 
20 applications requiring a corrugated boot. It is another 
object to provide a boot which will pass both the high 
speed spin test and cold flex test for constant velocity 
outboard joint grease seals* These and other objects 
will be made apparent from a reading of the following 
25 specification. 

In one aspect, the invention comprehends a corrugated 
flexible boot adapted to enshroud a mechanical joint, 
including a corrugated polymeric body diverging from a 
reduced neck at one end of the body through troughs and 
30 crests of the corrugations to an enlarged mouth at the 
other end; and a continuous non-jointed tubular fabric 
forming a unitary reinforcement with the body, intimately 
following the troughs and, crests of the corrugations. 

In another aspect, the invention comprehends a flexible 
35 boot adapted to bridge across and seal a mechanical joint, 
including a molded anriularly corrugated elastomeric 
thin walled body diverging from a reduced neck at one 
end of the body through troughs and crests of the 
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corrugations to an enlarged mouth at the other end; and 
a continuous non-jointed tubular knit fabric reinforcement 
embedded in the wall of the body, having greater openness 
and having undergone a greater degree of radial stretching 
at a crest of the corrugations as compared with an 

* 

immediately adjacent trough of the corrugation. 

In another aspect, the invention is directed to a 
ganged mold for producing attached pairs of the 
aforementioned flexible corrugated boots, including: a 
first mold half body with two cavities interconnected, in 
longitudinal section defined by (1) spaced, oppositely 
tapering corrugated ramp portions, (2) substantially 
straight end portions extending outwardly from the ramp 
portions, and (3) a medial portion merging together the 
ramp portions; a second such mold half body; said first 
and second mold bodies adapted to be closed together to 
define a central cavity therebetween. 

The invention will be more particularly described in 
its preferred embodiments by reference to the accompanying 
drawings, in which like numerals designate like parts, 
and in which:- 

FIGURE 1 illustrates a two-cavity mold of the 
invention in which is contained at the left side a 
partial cutaway, partially sectioned tubular preform (of 
exaggerated wall thickness) prior to molding, and the 
right side illustrating the flexible boot of the invention 
partially cut away and in section, after having been 
molded; 

FIGURE 2 is an enlarged view taken along line 2-2 of 
Figure 1 and similar thereto, in which a portion of the 
outer elastomeric cover is broken away for illustration 
of the reinforcement; 

FIGURE 3. shows the flexible boot of the invention 
installed as a grease seal on an outboard constant 
velocity joint for a front-wheel drive automobile; 

FIGURE 4 is a schematic partial view of one preferred 
fabric used as reinforcement in the boot; 

FIGURE 5 is a schematic end view (looking down the 
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axis) of the tubular fabric of Figure 4, and 

FIGURE 6 is a partial sectional view of a wall of an 
alternative boot configuration. 

For illustration purposes only, the illustrated 
flexbile boot of the invention is designed to enshroud 
a constant velocity joint coupled to a half-shaft of a 
front-wheel drive shaft assembly. It will be appreciated 
that the boot of the invention may serve various other 
applications where a lightweight, flexible and durable 
boot configuration is needed to couple mechanical parts 
of disparate outside dimensions. 

Referring first to Figure 3, the flexible boot generally 
shown at 10 sealingly encloses a constant velocity 
outboard universal joint of the type, for instance, shown 
in the aforementioned U.S. Patent No. 3646778. The 
bellows-like boot is attached at its reduced neck 12 to 
a half-shaft 14 tightly with the aid of clamping ring 16. 
Similarly, the enlarged mouth portion 18 of the flexible 
boot is sealingly attached to the constant velocity 
joint housing 20, with circular sealing clamp 22. 
Grease or other lubricant is contained within the boot. 
In the case of this illustrated outboard joint, torque 
is transmitted from half-shaft 14, through the. constant 
velocity joint at an included angle 8 of up to about 40°, 
which is coupled to the front wheels of the vehicle. 

As shown best in Figures 1 and 2, the boot 10 has an 
annularly corrugated polymeric body consisting of 
crests 24 and adjoining troughs 26. The ramp angles of 
each corrugation may be chosen as desired. This 
corrugated body diverges or tapers from a minimum 
dimension at the reduced neck portion 12 within a 
generally conical envelope to a maximum dimension at or 
near mouth 18. The ratio of the maximum outside*:. • 

dimension of .the boot to its minimum outside dimension 
is preferably at least about 1.5:1, more preferably at 
least about 2:1, and most preferably at least about 3:1. 
These dimensions pertain to those portions of the boot 
which are reinforced, as discussed hereinbelow. 
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In accordance with the invention, the wall of the 
flexible boot is reinforced with a continuous non- 
jointed tubular fabric 28 which forms a unitary 
reinforcement with the body, and intimately follows the 

5 troughs 26 and crests 24 of the corrugations. The 

tubular fabric layer is bonded either through mechanical 
captivation, by chemical bonding, or both to the 
polymeric body. While the material jused for the 
polymeric body will be chosen to meet the particular 

10 mechanical and environmental influences characteristic 
of the application, thermoplastic and elastomeric 
materials are generally preferred, including natural and 
synthetic rubbers, thermoplastic elastomers, and the 
like. Materials highly suitable for boots for constant 

15 velocity joint applications include neoprene, silicone 

rubber, polyesters (e.g. Hytrel , a trademark of the Du Pont 
Company), a nitrile. Of course, in practice the 
polymeric base material may be compounded with other- 
polymers as well as suitable fillers, reinforcing agents 

20 (e.g., carbon black), curatives, extenders, accelerators 
and the like. 

While for many applications it is preferred that the 
tubular reinforcement layer 28 be fully embedded within 
the body of the boot, present in one or more layers as 

25 required, it is also possible to place the reinforcing 
layer or layers at an exterior surface of the body. 
As shown in Figure 6, for instance, both the inner and 
outer surfaces of the boot carry respective reinforcement 
layers 30, 32, sandwiching an inner polymeric layer 34 

30 to which the layers are bonded. The reinforcement 

layers 30 and 32 may be impregnated (e.g. by calendering) 
with an elastomer or the like, as required. 

By use of a continuous non-jointed tubular fabric 
reinforcement it is possible substantially to reduce the 

35 normal wall thickness or gauge of the body of the boot, 

■ 

particularly along the corrugations, without sacrificing 
the strength, flexural properties, dynamic stability 
abrasion or penetration resistance of the boot, and in 
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fact in most cases these properties are actually 
enhanced despite the thinner wall gauge. Generally 
speaking, the average thickness of the (reinforced) 
wall of the corrugation is preferably no greater than 
about 2.5 percent of the maximum outside dimension of 
the boot, and more preferably is no greater than about 
2.0 percent of the maximum outside dimension of the boot. 

It is critical that the tubular fabric be formed of 
a material which, in its unstretched state, has the 
capacity to expand considerably in the radial direction, 
as determined by the ratio of the maximum outer 
dimension to the minimum outer dimension of the boot. 
Thus, the fabric may be subjected to lift ratios of 
greater than 2:1 or 3:1, for instance. Generally 
speaking, various fabric configurations, such as stretch 
fabrics or low angle tubular braids of low pack can be 
utilized, and/or fabrics having stretchability directly 
built into the yarn (e.g. by utilizing textiirized or 
elastic yarns of nylon, polyester, aramid fibre, and high 
elongation fibres such as spandex). It is highly 

preferred, however, to employ tubular knits. 

As previously discussed, the tubular knit should have 
a radial elasticity consistent with the lift ratio 
required by the boot configuration. Circular knits 
which in general have the required elasticity include 
rib fabrics such as the 1- and -1 or plain rib fabric 
shown in Figure 4, which illustrates a four wale by three 
course fabric segment 28 1 of a continuous tubular, non- 
jointed fabric (Figure 5). As is well known* with the 
plain rib fabric, the loops in any two consecutive wales 
are drawn opposte one another so that one w&le 34 has a 
loop drawn to the face while the adjacent wale 36 has 
its loop drawn to the back. This type of rib fabric, 
as contrasted with plain or jersey stitch knits, may 
undergo large radial expansions. Lock stitch knits 
may also be used advantageously, because they prevent 
knit fabric runs in the manufacture of the reinforced 
seal. 

_0061320A1J_> 
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It is important that the continous tubular fabric 
be free of joints, overlaps, or selvages, which would 
otherwise introduce eccentricity in the boot and destroy 
its symmetrical flexing properties under torsional 
loading. Simply put, by using a continuous, non-jointed 
tubular reinforcement the boot seal is dynamically 
balanced and has a uniform flexural modulus* 

Of course, the circular knits and particularly the 
rib fabrics are well known per se. Open mesh stockin- 
ette circular knits (plain stitch) are also well known, 
and have been used, for instance, to reinforce flexible 
radiator hose (see, for instance, F.T.Robers et al U.S. 
Patent No. 2897840 and Roberts U.S. Patent No. 2936812). 

As those experienced in the art of knitting are well 
aware, tensile strength can be increased by altering 
yarn tenacity and increasing denier (increases loop 
tenacity at the stitch). Tensile strength can also 
be increased by changing the knitted fabric density (i.e. 
number of courses and/or wales to the inch). 

Another important feature is control of the flexing 
properties of the boot by varying the cover factor of the 
reinforcement along the corrugation profile. It has 
been found that by selectively stiffening the trough 
areas 26 relative to the crest areas 24, the boot will 
resist collapse when bent at high angles (as shown in 
Figure 3), ensuring that adjacent corrugation sidewalls 
are maintained spaced apart (or just touching), to 
minimize abrasion during use. This is attained by 
increasing the cover factor (smaller interstitial spacing) 
of the knit reinforcement in the troughs vis-a-vis a 
reduced cover factor (more openness) at the crests, as 
illustrated in Figure 2. 

Referring again to Figure 1, the preferred apparatus 
for producing the corrugated boots of the invention is 
shown> It consists of ganged mold 38 composed of 
hermaphroditic mold pairs 40 (upper) and 42 (lower). 
Each mold half contains adjacent, interconnected half 
cavities. Each mold half is further defined by 
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oppositely tapering corrugated ramp portions 46, 48, 
spaced apart by a bridging medial portion 50, v/hich is 
of lesser contour than the tapered ramp portions, and 
which is generally concentric with respect to the axis 

5 * of the mold. Each mold half also contains 

substantially straight end portions 52, 54 extending 
endwise from the ramp portion and forming the reduced 
neck surface of the boot. As assembled, the first 
and second mold bodies 40, 42 define the aforementioned 

10 central cavity (i.e. left cavity 44 together with right 
cavity 45). In contrast, prior art molds have 

employed a single cavity in which a contoured mandrel or 
core is placed, for defining an annular cavity for 
molding of the product (unreinf orced ) , for instance by 

15 injection molding. Compression molding may also be 

employed, with the product having been built up on the 

mandrel prior to insertion in the mold. 

♦ 

Although the corrugated boot of the invention may be 

* • * * 

» 

produced by various known processes which are adapted 

20 to ensure placement of the reinforcement in the wall of 
the boot, such as injection molding or plying up on a 
mandrel, it is preferred to employ the mold apparatus 
shown in Figure 1. A preform shown generally at 56 
is blow molded, with or without an interior mandrel or 

25 bladder, against the interior mold surface (52, 46, 

50, 48, 54). • As shown.in the left side of Figure 1, the 
preform for producing the finished boot shown in the 
right side of Figure 1 with rein forcement layer 28. 
embedded in the wall thereof, includes a tubular heat 

30 setting core member 58 which may be an extruded 

vulcanizable rubber tube for instance, a continuous non- 
jointed tubular fabric 28 1 telescoped over core 58, and 
an outer heat setting polymeric cover 60 telescoped 
over the tubular reinforcement. 

35 The preform 56 may be formed in any known manner, 

including hose building techniques, and forms no part 
of the invention. The thickness of the core 58 and/or 
cover 60 may be varied along their length, to obtain the 

BNSDOCID: <EP 0061320A1J_> 
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desired wall thickness in the final product. A 
suitable process, however, involves placement of the 
preform along the full axis of the two-cavity mold 38, 
applying appropriate end caps 62 in the ends of the 
mold, and introducing a supply of inflating medium 
(e.g. steam) to the interior of the tube 58 via opening 
61. Preform 56 is thereby radially expanded (outwardly) 
against the mold surface. As the preform is thus 
held against the molding surface the material is set. 
In the case where the body of the flexible boot is 
formed of vulcanizable materials, heat and pressure 
are supplied to the mold, e.g. through heated platens (not 
shown), to heat set the pair of boots into the final 
form shown at the right side of Figure 1. The mold may 
then be opened ,' the- end caps removed, and the product 
recovered. Individual boots are then obtained by 
slitting at 64, in a plane transverse to the axis of 
the boot, and the ends trimmed. 

The following examples further illustrate the flexible 
boots of the invention and compare their performance 
against a typical commercially available standard. 
EXAMPLES 

1. High-speed spin (tests dynamic stability). 

In this test sealing boots were clamped onto the,, 
standard outboard joint and axle shaft assembly of 
a General Motors X-car, and filled with 70-80 grams 
of grease specified by the manufacturer. 

The joint was positioned at a 4° angle (see 
Figure 3) and spun at 1200 rpm for two minutes to 
distribute the grease, and then brought to rest. 
The speed was then gradually increased from rest 
until the boot ballooned centri fugally 7mm outward 
from the static position. The rpm levels were 
recorded at the 7mm growth. The manufacturer's 

specification calls for a minimum 2150 rpm (equivalent 
to 140 mph) before 7mm growth is reached. 

Conventional (commercially available) all gum 
boots made of neoprene rubber and having a wall 
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thickness of about .102 inches were tested in 
accordance with the above procedure .and found to 
undergo 7mm growth at speeds between 2000 and 2800 
rpm. 

Four reinforced boots of the invention formed of 
the same neoprene stock as the all gum boots (above) 
were constructed with a wall thickness of about .070 
inches. The boots closely resembled the boot design 
of Figure 1 with the exception that the reinforcement, 
which consisted of a 200 denier filament nylon locked 
rib stitch tubular knit in the first two boots,. and 
14/1 spun nylon locked rib stitch low basis weight 
tubular knit in the second two boots, was positioned 
at the outside surface of the boot, and bonded to the 
body. The boots were tested in accordance with 
the above procedure and found to undergo 7mm growth 
at speeds of 2490, 2420, 2570 and 2510 rpm respectively. 
The same construction with the exception that the 200 
denier filament nylon tubular knit was placed on the 
inside surface of the boot yielded 2110 rpm at 7mm 
growth . 

Two additional .070 thickness boots of the invention 
were constructed like the above except that silicone 
elastomer was substituted for neoprene. ,In the first 
boot the tubular knit, a 14/1 spun nylon locked rib 
stitch of low basis weight, was placed on the inside of 
the boot, and yielded 2940 rpm before 7mm growth. 
In the second boot, the same tubular knit was employed,, 
except that two layers were present. The first 
layer was positioned on the inside surface, and the 
second layer embedded within the wall of the boot body. 
This boot yielded 3460 rpm before 7mm growth. 
2. Cold test (tests flexibility in cold) 

As in the high speed spin test, the boots (employing 
the spunnylon knit described above) were clamped onto 
a joint with 70-80 grams of grease inserted, and spun 
at 4° at 1200 rpm for two minutes at room temperature, 
to distribute the grease. The joint was then fixed 
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at 38°-39" and placed in a cold box (-40°F maximum) 
for 16-18 hours. 

The joint and boot were then rotated at 250 rpm 
for ten seconds at -40F, and subsequently examined 
for cracks, grease leakage, movement on the joint and 
abrasion. 

It has been found that the conventional all gum 
boots that pass the high-speed spin test usually 
have too high a modulus to pass the cold test; 
conversely those all gum boots made from low enough 
modulus compounds to pass the cold test usually 
balloon out at high speed. Specialized compounding 
is normally required in addition to modulus adjustment 
before both tests can be expected to be passed. 

Properly installed reinforced sealing boots of 
the invention, of the type described in the high- 
speed spin test above, have passed the cold test 
without cracking, leaking grease, or slipping 5 
underneath the clamps, and v/ithout the need for 
specialized compounding . 

ASTM D624 (tear resistance of rubber) - Test 

specification incorporated by reference. 

A razor-nicked crescent specimen with tab ends 
(Die B) was used, and the rate of extension of the 
grip was 500 plus or minus 50mm. 

The control sample, consisting of neoprene gum 
stock used in the conventional gum boot, had a tear 
strength of 46.4 kilonewtons/met er (calendered with 
the grain). For a .102 inches thick gum sample, 
corresponding to the actual boot wall thickness, the 
force necessary to tear is 120.2 newtons. The 
knit-reinforced neoprene sample (using a medium basis 
weight spun nylon locked rib stitch knit) corresponding 
to the material used in the boot of the invention, 
had a tear strength of 86.6 kilonewtons/meter across 
the ribs and 94.1 kilonewtons/meter with the ribs of 
the knit (i.e. the knit improved the tear strength 
87-103 percent).. For a .070 inches thick knit 
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reinforced sample, corresponding to the design 
thickness of the reinforced boot, the force necessary 
to tear is 154*3 newtons (a 28 percent improvement 
over the thicker section gum sample). 

Drop ball test (resistance to "falling ball" 

type impact). 

A plunger of variable weight (250-370 grams) which 

has a 5/8 inch diameter ball on one end is dropped 

onto a rubber sample backed by a steel plate. The 

minimum height that the plunger has to be dropped ; 

from to just rupture the sample is measured, and the 

associated energy is calculated. 

A .102 inches "thick neoprene all gum sample required 

7 

an average energy of 2.67 x 10 ergs to rupture; a 

7 

.070 inches thick all gum sample required 1.65 x 10 

ergs. A .070 inch knit reinforced (same knit as in 

No. 3 above) neoprene sample required an average 

7 

energy of 2.65 x 10 ergs to rupture (the same as the 
thicker gum sample within experimental error). 

Grease leakage and hole propagation test. 

Knit reinforced .070 inches thick neoprene boots 
and .102 inches thick all neoprene gum boots were.- 
punctured at various locations along the corrugations, 
and then spun at various joint angles and speeds and 
grease loss measured. The knit was the 14/1 spun 
nylon locked rib stitch low basis weight tubular knit. 
The results of the test were inconclusive. 

The all gum boot lost substantially less grease 

than the reinforced boots when the boots were punctured 

(i) in the root of the large convolution and spun at 

high speed, low joint angle, and (ii) in the top of 

the large convolution and spun at low speed, high 

joint angle. Conversely, the knit reinforced 

boot of the invention lost substantially less grease 

than the thicker all gum boot when the boots were 

punctured on the large convolution and spun at high 

speed, low joint angle. In all of the tests none 
of the boots evidenced measurable crack growth. 
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ASTM D813 (crack growth) - Test specification 
incorporated by reference. 

The DeMattia flexing machine was used to flex 
the samples at room temperature through 130° each 
cycle. The samples had been pierced in the middle 
of the groove with a .080 inches wide tool. The 
samples were flexed at 300 cycles per minute. 

The all neoprene gum samples sustained .025 inches 
average crack growth per one million flex cycles. 
The knit-reinforced (same knit as in No. 3 above) 

■ 
■ 

neoprene samples sustained .017 inches average crack 
growth per one million flex cycles. For comparison 
90 million flex cycles corresponds to approximately 
100,000 miles on an automobile. 
Flex Fatigue 

All gum and knit-reinforced boots of the type 
described in the high-speed spin test (14/1 spun 
nylon locked rib stitch low basis weight tubular knit) 
were spun at 2000 rpm at .a constant joint angle of. 
20°. The reinforced boots of the invention had 

very noticeably superior dynamic stability, with 
much lower radial excursion. 

i 

m 
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CLAIMS: 



y m A corrugated flexible boot adapted to enshroud 

a mechnical joint, comprising a corrugated polymeric 
body (10) diverging from a reduced neck (12) at one end of 
5 the body through troughs (26) and crests(24) of the 

corrugations to an enlarged mouth (18) at the other end, 
characterised in that a continuous non-jointed tubular 
fabric (28) forms a unitary reinforcement with the body 
(10), intimately following the troughs (26) and crests 

10 (24) of the corrugations. 

2. An annularly corrugated flexible boot, comprising 
an annularly corrugated elastomeric thin walled body (10) 
having a generally conical envelope diverging from a 
reduced neck (12) at one end of the body through annular 

15 troughs (26) and crests (24) of the corrugations to an 
enlarged mouth (18) at the other end, characterised in 
that a continuous non-jointed tubular fabric reinforcement 
(28) is embedded in the wall of the body (10). 

3. • • "A flexible boot according to claim 1 or 2 

20 characterised in that the ratio of the maximum outside 

dimension to the minimum outside dimension of the' fabric- 
reinforced body is at least about 1.5:1. 

4. A flexible boot according to claim 1, 2 or 3 
characterised in that the elastomeric body is defined by 

25 a thin (reinforced) wall along the corrugations, the 

average thickness of the wall being no greater than about 
2.5 percent of said maximum outside dimension. 

5. ' A flexible boot according to any one of claims 
1-4 characterised in that the fabric reinforcement is 

30 tubular knit, having reduced cover factor at said crests 
(24) compared. -w,ith greater pover at said troughs (26) 
of the corrugations. 

6. A flexible boot according to claim 2 wherein the 
ratio of the maximum outside diameter to the minimum 

35 outside diameter of the fabric-reinforced body (10) is at 
least about 2:1. 

♦ 

7. A flexible boot according to any one of the 
preceding claims characterised in that the ratio of the 
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maximum outside dimension to the minimum outside 
dimension of the fabric-reinforced body (10) is at least 
about 3:1. 

8< a flexible boot according to any one of the 

5 preceding claims characterised in that the fabric (28) 
' is positioned substantially at the outer surface of the 
corrugations. 

9# a. flexible boot according to any one of claims 

1-7 characterised in that the fabric (28) is embedded in 

10 the wall of the body (10). 

10 . A flexible boot according to any one of the 

preceding claims which is adapted to bridge across and 
seal a mechanical joint and is formed by molding, 
characterised in that the knit fabric reinforcement (28) 

15 has greater openness and has undergone a greater degree 
of radial stretching at a crest (24) of the corrugations 
as compared with an immediately adjacent trough (26) 
of the corrugation. 

4 

11# a boot according to any one of the preceding 

20 claims characterised in that it comprises first and second" 
non-jointed tubular fabric reinforcements (30,32) unitary 
with and bonded to the body (10). 

12 . A ganged mold for producing attached pairs of 

flexible corrugated boots as claimed in any one of the 

25 preceding claims comprising a first mold half body (40) 

with two cavities (44,45) interconnected, in longitudinal 
section defined by firstly spaced, oppositely tapering 
corrugated ramp portions (46,48), secondly substantially 
straight end portions (52,54) extending outwardly from 

30 the ramp portions (46,48), and thirdly a mediai portion 

(50) bridging together the ramp portions (46,48), a second 
such mold half body (42), end wherein said first and second 
mold bodies (40,42) are adapted to be closed together to 
define a central cavity therebetween. 
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